Analysis of 10 phase 3 ODYSSEY trials, alirocumab (ALI) vs. placebo or ezetimibe. • Median lipoprotein(a) [Lp(a)] reductions: ALI (21.4-25.6%) vs. control (0.0-2.5%).
Introduction
Epidemiological studies have suggested that there is an association between increasing levels of lipoprotein(a) [Lp(a)] and risk of cardiovascular disease (CVD), particularly with Lp(a) levels > 50 mg/dL [1, 2] . In addition, several Mendelian randomization and genome-wide association studies have shown that Lp(a) is a likely causal factor for the development of CVD [1, 3, 4] . However, there are limited treatment options for reducing Lp(a) levels as they are mainly genetically determined; the only previously available treatment, niacin, is no longer available in Europe following reports of an increase in serious adverse events [5] . Despite significantly reducing apolipoprotein (apo) B100 and low-density lipoprotein cholesterol (LDL-C) levels, statins have not been shown to significantly lower Lp(a) levels [1, 6] .
By contrast, in a pooled analysis of phase 3 ODYSSEY studies, alirocumab, a monoclonal antibody to proprotein convertase subtilisin/ kexin type 9 (PCSK9), reduced levels of both LDL-C (by 46-60%) and Lp (a) (by 23-29%); notably, whilst the correlation between greater percentage reductions in Lp(a) and greater percentage reductions in LDL-C was significant (Spearman's correlation coefficient, 0.307; p < 0.0001), only 9.4% of the variation in the reduction in Lp(a) would be explained by reductions in LDL-C [6] . Presently, it is not clear whether there is any additional cardiovascular benefit associated with the therapeutic lowering of Lp(a) [1] . However, a recent Mendelian randomization analysis [4] showed that the risk of coronary heart disease is proportionally associated with the absolute change in plasma Lp(a) concentration and that a 101.5 mg/dL reduction in Lp(a) concentration was associated with the same risk as a 38.7 mg/dL (1 mmol/ L) reduction in LDL-C. Hence, a similar clinically meaningful reduction in risk as that seen with LDL-C lowering would only be seen in those with higher baseline Lp(a) who would achieve greater percentage reductions in Lp(a).
In a pooled analysis of phase 3 ODYSSEY trials of alirocumab, we have previously demonstrated that there is a continuous relationship between lower on-study levels of LDL-C (including levels < 50 mg/dL) and lower rates of major adverse cardiovascular events (MACE)hazard ratio (HR [95% confidence interval (CI)] 0.76 [0.63-0.91] per 39 mg/dL decrease; p=0.0025) [7] . Comparable results were obtained when studying the percentage reductions in LDL-C and MACE (0.71 [90.57-0.89] per additional 50% reduction; p=0.003) and for lower on-study levels and percentage reductions in apoB and non-high-density lipoprotein cholesterol (non-HDL-C) [7] . In this post-hoc analysis, similar methodology within the same pooled dataset was used to assess the impact of reductions in Lp(a) levels on the incidence of MACE and the extent to which any potential benefit is independent of reductions in LDL-C.
Patients and methods

Study population
For the present analysis, data were pooled from 10 phase 3 ODYSSEY randomized trials of alirocumab vs. control (placebo or ezetimibe). The design of these trials has been described in detail previously ( Supplementary Fig. 1 ) [8] [9] [10] [11] [12] [13] [14] [15] [16] . Briefly, patients (aged ≥18 years, n = 4983) had a history of established atherosclerotic CVD, presence of cardiovascular risk factors without established atherosclerotic CVD, or heterozygous familial hypercholesterolemia, with LDL-C inadequately controlled by their existing treatment (statin/other lipid-lowering therapy/diet). Entry criteria included baseline LDL-C ≥70 mg/dL for those with prior CVD or ≥100 mg/dL for those without established CVD but with other risk factors. Exceptions were the LONG TERM study [15] (LDL-C ≥70 mg/dL for all patients), MONO [16] (LDL-C ≥100 mg/dL for all patients), and HIGH FH [11] (LDL-C ≥160 mg/dL for all patients). Patients with triglyceride (TG) levels > 400 mg/dL were excluded. Patients were randomized to receive alirocumab or control (placebo or ezetimibe). Most patients were receiving background statin therapy (except for two trials where patients were not receiving concomitant statin therapy [MONO [16] and ALT-ERNATIVE [14] ]). The double-blind treatment periods ranged from 24 to 104 weeks; six of the 10 studies, representing approximately 80% of the population, had a minimum study duration of 52 weeks. In eight studies, patients received an initial dosage of alirocumab 75 mg every 2 weeks (Q2W) with a potential adjustment to 150 mg Q2W at Week 12 depending upon achievement of pre-specified LDL-C levels at Week 8 (≥70 mg/dL, or ≥70 or ≥100 mg/dL according to cardiovascular risk), and two studies used alirocumab 150 mg Q2W only.
LDL-C and Lp(a) measurements
Calculated LDL-C levels were determined using the Friedewald equation [17] if TGs were < 400 mg/dL (total cholesterol -high-density lipoprotein cholesterol [HDL-C] -TGs/5); in cases with TGs above this threshold, LDL-C was determined using the beta quantification method; however, such data are not included in this analysis.
Calculated LDL-C levels were corrected for the cholesterol content of Lp(a) (Lp(a)-corrected LDL-C), which may be 30-45% of the mass of Lp(a) depending on the individual [18] ; hence, Lp(a)-corrected LDL-C was determined as either calculated LDL-C − 0.45 x Lp(a) or calculated LDL-C − 0.30 x Lp(a), which assumes that 45% or 30% of the mass of Lp(a) is cholesterol, respectively [19] [20] [21] . Unless otherwise specified, we used 45% as the correction factor for the cholesterol content of Lp(a) in the main analyses: nevertheless, for means of comparison, sensitivity analyses were performed using 30% as the correction factor and results are also briefly reported.
Serum Lp(a) levels were determined by centralized laboratories (Medpace Reference Laboratories [MRL] and for LONG TERM only, Covance Central Laboratory Services Inc. [CCLS]) using an internally standardized assay (for which a possible isoform-dependency has neither been demonstrated nor excluded) on a Siemens BNII nephelometer (Siemens, Erlangen, Germany) that measures in mg/dL. The assay employed by MRL was calibrated using N Diluent, N Lp(a) Standard SY, and the International Federation of Clinical Chemistry and World Health Organization standards [6, 22] , and that of CCLS was calibrated using the manufacturer's N Lp(a) Standard. MRL reported results lower than 3 mg/dL as < 3 mg/dL and CCLS reported Lp(a) concentrations below 4 mg/dL as < 4.0 mg/dL (methods are further described in the Supplementary Material). Serum samples were submitted on the day of collection from sites and analysis was performed on the day of receipt (Mon-Fri); if this was a Saturday, samples were refrigerated and analyzed the following Monday. The reported intra-assay reliability in coefficients of variation was 1.8-4.0% and inter-assay precision was 3.1-4.4%.
Major adverse cardiovascular events
MACE were defined as per the ODYSSEY cardiovascular outcomes trial (ODYSSEY OUTCOMES [(Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment With Alirocumab]): coronary heart disease death, non-fatal myocardial infarction (MI), ischemic stroke, or unstable angina requiring hospitalization [23] . Cardiovascular events were adjudicated by a central Clinical Events Committee [8] (the same committee that is involved in the aforementioned ODYSSEY Outcomes trial). Unstable angina cases considered here were limited to those with definite evidence of the ischemic condition, i.e. a small proportion of unstable angina events qualified.
placebo-or ezetimibe-controlled. Additionally, an exploratory analysis of safety was performed among those who achieved Lp(a) percentage reductions greater than the median vs. those who did not. Average LDL-C and Lp(a) levels during the study period were determined from the area under the curve (using trapezoidal method), taking into account all LDL-C and Lp(a) values up to the end of the treatment period or occurrence of MACE, whichever came first. Average absolute change in Lp (a)-corrected LDL-C and Lp(a) during the study period were determined from the area under the curve (using trapezoidal method), taking into account all values up to the end of the study period or occurrence of MACE, whichever came first. For patients with no post-baseline lipid value, the lipid value at baseline was used. Baseline data were analyzed from all randomized patients; all other analyses used the safety population (all patients who were randomized and received at least one dose of study treatment). Potential differences in percentage change from baseline in Lp(a) between patients with baseline Lp(a) < 50 and ≥ 50 mg/dL were assessed by comparing adjusted mean percentage differences (alirocumab vs. control) in four pools according to alirocumab dose, control, and whether background statin was used, using a mixed-effect model with repeated measures as previously described [15] , and deriving nominal interaction p-values.
For analysis of the relationship between Lp(a) and MACE, patients were pooled into one overall cohort, regardless of treatment group. In multivariate models, achieved Lp(a) values were assessed following log transformation per one standard deviation (SD; 1.06 Log e or 2.9-fold) difference in on-study levels or per 25% reduction from baseline (with adjustment for baseline characteristics and with or without adjustment for either average achieved LDL-C or percentage reduction in LDL-C, respectively). A log transformation was used to normalize the distribution of Lp(a) values. To enable comparison with earlier analyses of LDL-C per 39 mg/dL decrease, equivalent to 0.76 x population SD [7] , the same ratio of 0.76 x SD was maintained in the present study for analyses of log-transformed achieved Lp(a) values.
Results
Baseline patient characteristics
Baseline characteristics of the pooled cohort are shown in Table 1 . Patients were generally well matched between randomized groups, with an average age of 59 years in the placebo-controlled trials and 62 years in the ezetimibe-controlled trials. Overall, 63% were male and 90% were White, mean body mass index was 30 kg/m 2 , and around 31% of patients had diabetes mellitus; 36% of patients in the placebocontrolled trials and 5.6% in the ezetimibe-controlled trials had heterozygous familial hypercholesterolemia (Table 1) . Mean ( ± SD) onstudy LDL-C levels were 56.9 ± 38.8 and 126.5 ± 43.9 mg/dL for alirocumab and placebo, respectively, in placebo-controlled studies, and 64.0 ± 42.4 and 100.9 ± 50.8 mg/dL for alirocumab and ezetimibe, respectively, in ezetimibe-controlled studies [7] .
Baseline and on-study Lp(a) levels
The distribution of Lp(a) levels at baseline was generally similar across the treatment groups ( Fig. 1A and Table 1 ). Overall, median (Q1, Q3) baseline Lp(a) levels were 23.5 (8.0, 67.0) mg/dL (Supplementary Fig. 2A ).
Median (Q1, Q3) on-study Lp(a) values were 16.3 (4.8, 52.4) mg/dL with alirocumab vs. 22.6 (6.9, 64.2) mg/dL with placebo in the placebocontrolled pool, and 17.0 (5.3, 54.5) mg/dL with alirocumab vs. 21.9
Table 1
Baseline characteristics of patients pooled from 10 phase 3 ODYSSEY trials.
Placebo-controlled trials
Ezetimibe-controlled trials Alirocumab (n = 2324) Placebo (n = 1175) Alirocumab (n = 864) Ezetimibe (n = 620)
Age, mean ± SD, years 58.7 ± 11.6 58. 8 (7.6, 55.5) mg/dL with ezetimibe in the ezetimibe-controlled pool ( Fig. 1B) . During the study period, the median (Q1, Q3) percentage change from baseline in Lp(a) was −25.6% (−42.7%, −7.2%) with alirocumab vs. −2.5% (−14.7%, 6.0%) with placebo in the placebocontrolled pool, and −21.4% (−38.9%, −1.7%) with alirocumab vs. 0.0% (−15.1%, 10.6%) with ezetimibe in the ezetimibe-controlled pool (Fig. 1C) ; overall, the median percentage reduction was −15.5% (−33.9%, 0.0%) for all patients ( Supplementary Fig. 2B ). These percentage changes corresponded to median absolute changes in Lp(a) of −6.8 mg/dL with alirocumab vs.−0.5 mg/dL with placebo in the placebo-controlled pool, and of −4.5 mg/dL (alirocumab) vs. 0.0 mg/dL (ezetimibe) in the ezetimibe-controlled pool (Fig. 1D ). Overall reductions in placebo-and ezetimibe-controlled trials stratified by baseline Lp(a), < 50 mg/dL or ≥50 mg/dL, are shown in Supplementary Fig. 3 . The percentage changes from baseline in Lp(a) tended to be greater among those with baseline Lp(a) levels < 50 mg/dL than ≥50 mg/dL in placebo-controlled pools ( Supplementary Fig. 4 
Association between Lp(a) levels and MACE
Median (range) follow-up was 84.6 (24-104) weeks (6699 total patient-years). During follow-up, 104 patients reported at least one MACE; median time to event was 36 weeks. Specifically, there were 20 coronary heart disease deaths, 64 non-fatal MIs, 16 ischemic strokes, and four unstable angina episodes (with definite evidence of the ischemic condition).
In analyses adjusted on baseline characteristics only, but unadjusted for change or on-study Lp(a)-corrected LDL-C, there was a 12% relative risk reduction in MACE per 25% reduction in Lp(a) (HR [95% CI] 0.88 [0.78-0.98]; p=0.0254), and a non-significant difference per 1 SD lower on-study Lp(a), 0.89 (0.75-1.05; p=0.1562; Fig. 2 ).
In fully adjusted multivariate analyses which adjusted for both baseline characteristics and percentage reductions in Lp(a)-corrected LDL-C or on-study Lp(a)-corrected LDL-C, the risk of MACE was not significantly associated with greater percentage Lp(a) reduction, 0.89 (0.79-1.01 per 25% reduction; p=0.0780; Fig. 3A ) or lower on-study Lp(a), 0.91 (0.77-1.07 per 1 SD lower; p=0.2387; Fig. 3B ).
When the analysis was stratified by baseline Lp(a) ≥50 vs. < 50 mg/dL, the magnitude of the strength of association for reductions in Lp(a) with MACE was greater among those with higher vs. lower baseline Lp(a) levels in fully adjusted models; per 25% reduction in Lp (a), 0.60 (0.39-0.92; p=0.0201) for higher baseline Lp(a) vs. 0.94 (0.81-1.09; p=0.3837) for lower baseline Lp(a), p-interaction between subgroups: 0.0549 (Fig. 4A ). When similar analyses were conducted for on-study Lp(a), findings were directionally concordant but the strength of association for a 1 SD lower Lp(a) and risk of MACE for higher vs. lower baseline levels of Lp(a) was not significant; for baseline Lp(a) ≥50 mg/dL, 0.49 (0.20-1.16) vs. baseline Lp(a) < 50 mg/dL, 0.91 (95% CI 0.71-1.17; p-interaction=0.1737; Fig. 4B ).
In analyses adjusted only for baseline characteristics but unadjusted for on-study Lp(a)-corrected LDL-C, with a 5 mg/dL and a 20 mg/dL absolute reduction in Lp(a), there was a statistically significant reduction in MACE, 0.93 (0.87-1.00; p=0.0369) and 0.74 (0.56-0.98; p=0.0369), respectively. However, in fully adjusted multivariate analyses including adjustment for both baseline characteristics and absolute change in Lp(a)-corrected LDL-C, the effects of a 5 mg/dL absolute reduction in Lp(a) and a 20 mg/dL absolute reduction in Lp(a) were no longer statistically significant, 0.94 (0.88-1.01; p=0.1101; Fig. 3C ), and 0.79 (0.59-1.06; p=0.1101), respectively.
When similar analyses were conducted considering Lp(a)-derived cholesterol as 30% rather than 45%, in fully adjusted multivariate analyses including adjustment for baseline characteristics and percentage reductions in Lp(a)-corrected LDL-C, again the risk of MACE was not significantly associated with greater percentage Lp(a) reduction, 0.91 (0.80-1.03 per 25% reduction; p=0.1257; Supplementary Fig. 5 ). However, in an analysis stratified by baseline Lp(a) ≥50 vs. < 50 mg/ dL, the magnitude of the strength of association for reductions in Lp(a) with MACE was again greater among those with higher vs. lower baseline Lp(a) levels in fully adjusted models; per 25% reduction in Lp (a), 0.62 (0.39-0.97; p=0.0366) for higher vs. 0.94 (0.81-1.08; p=0.3760) for lower baseline Lp(a), between subgroup p-interaction = 0.0870 ( Supplementary Fig. 5 ).
Safety
The incidence of treatment-emergent adverse events, serious adverse events, and treatment-emergent adverse events leading to discontinuation were similar between the alirocumab and control groups, regardless of the magnitude of percentage reduction in Lp(a) ( Supplementary Table 1 ). There was a higher frequency of injection-site reactions with alirocumab, although these were mostly mild and transient.
Discussion
PCSK9 inhibition reduces several atherogenic apoB-related lipid fractions, such as LDL-C, non-HDL-C, and Lp(a). While previous research has shown a significant relationship between lower achieved levels and greater percentage reductions in LDL-C, apoB, and non-HDL-C with the risk of MACE [7] among patients enrolled in alirocumab phase 3 trials, it has remained unclear whether any benefits would be derived from the Lp(a) reductions observed with PCSK9 inhibition. The current study is the first to directly evaluate the impact of Lp(a) reduction on MACE. We did not find a significant association in the overall cohort between reductions in Lp(a), whether that be percentage, absolute, or on-study levels, and incidence of MACE once changes in LDL-C were controlled in the overall population. However, there was a significant association between reductions in Lp(a) and MACE in the subgroup of patients with baseline Lp(a) ≥50 mg/dL (p = 0.0201), as discussed below. Importantly, when we recalculated these results, assuming that the cholesterol content of Lp(a) is 30% rather than 45%, there was no material change in our findings.
Although studies with PCSK9 inhibitors have shown a linear relationship between on-study LDL-C and MACE [7, 24] , and, whilst evolocumab [25] and alirocumab also reduce Lp(a) [6] by~25% and 23-29%, respectively, at present it is unclear whether there is an additional benefit from PCSK9 inhibition. A recent analysis by HR, 95% CI, and p-value determined from a multivariate Cox model. Analysis adjusted for age, gender, diabetes mellitus, prior history of myocardial infarction/stroke, baseline Lp(a)-corrected LDL-C, smoking status, and percentage reduction in Lp(a)-corrected LDL-C. CI, confidence interval; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); MACE, major adverse cardiovascular events; 1 SD, standard deviation = 1.06 Log e or 2.9fold.
of treatment [26, 27] . This suggests that for PCSK9 inhibitors and statins, the benefits observed in patients not selected on the basis of elevated Lp(a) may be mainly explained by the reductions in LDL-C levels rather than any anti-inflammatory effects of statins or any Lp(a)-lowering effects of PCSK9 inhibitors. These data are also supported by the observation that statins also reduce C-reactive protein but do not lower Lp(a), while PCSK9 inhibitors do the opposite [25] , suggesting that it might be unlikely that there is a meaningful contribution from Lp(a) reduction to the risk of MACE with PCSK9 monoclonal antibodies in the overall population. Notably, PCSK9 inhibitors will generally be given to patients on background statin therapy; hence, this is the context under which PCSK9 inhibitors will lower Lp(a) levels and effects may differ under conditions of monotherapy or combination therapy. Watts et al. reported that evolocumab, as monotherapy, reduced Lp(a) by reducing its production rate, while in combination with statins showed no effect on Lp(a) production, but rather increased the Lp(a) fractional catabolic rate [28] .
In the ODYSSEY trials, there was a statistically significant but modest association between changes in LDL-C and Lp(a), whereby 9% of the variation in the reduction in Lp(a) could be accounted for by LDL-C changes [6] . Among patients with higher baseline Lp(a), > 50 mg/dL, the correlation was slightly stronger but was still only responsible for about 16% of the variation in the reduction in Lp(a), suggesting that LDL-C reductions do not explain the vast majority of the reductions in Lp(a). These data are consistent with observations of evolocumab, where slightly stronger correlation coefficients were seen; even then, only about 25% of the variation in the reduction in Lp(a) with evolocumab could be explained by reductions in LDL-C [25] .
Alirocumab reduces Lp(a) levels by up to 29%, whereas statins have not been shown to significantly reduce Lp(a) levels [1, 6, 29] , with some studies showing an increase in Lp(a) following statin treatment [30] . The mechanism by which PCSK9 inhibition reduces Lp(a) is unclear; it may involve both the LDL receptor as well as non-LDL receptor pathways [6, 25] . Alirocumab reduces LDL-C by preventing PCSK9-mediated LDL receptor degradation, resulting in an increased number of LDL receptors available to remove apoB-containing lipoproteins from circulation, potentially including Lp(a) [31] . Statins also increase the number of LDL receptors, but most studies show little effect of statins on Lp(a), suggesting that Lp(a) is not primarily cleared through the LDL receptor following PCSK9 inhibition [6] . As both statins and PCSK9 inhibitors reduce apoB and LDL-C, but have differential effects on Lp(a), it is unlikely that merely reducing the apoB100 substrate for Lp(a) is the explanation. Recent in vitro studies using human hepatoma HepG2 cells by Raal et al. showed that Lp(a) competes with LDL for the LDL receptor and non-LDL receptor mediated clearance, but much higher doses of Lp (a) are required to prevent LDL binding than the converse [25] . Hence, the preferred substrate for the LDL receptor is LDL rather than Lp(a). Reyes-Soffer et al. showed that treatment with alirocumab increased the fractional clearance of Lp(a) by 25%, indicating that while the LDL receptor was likely involved in the clearance of Lp(a), there had to be other receptors involved [32] .
We did not observe a significant relationship between lower onstudy Lp(a) and MACE. This is analogous to a recent analysis of the high-intensity statin study SATURN, which did not find an association between Lp(a) levels (neither baseline nor on-study levels nor by levels below vs. above 50 mg/dL) and coronary progression (changes in percent coronary atheroma volume) [33] . However, as in the ODYSSEY trials [6] , most patients in SATURN had Lp(a) levels < 50 mg/dL (baseline median 17.4 mg/dL), i.e. below the upper 80th percentile of Lp(a), vs. higher levels which are associated with the largest cardiovascular risk [1] .
Both Lp(a) and LDL contain a cholesterol cargo and are considered atherogenic [1] . In statistical models that compared like for like, Lp(a) had a weaker strength of association with MACE compared with LDL-C [4] . It should be remembered that we standardized our reduction in Lp (a) as 25%, which was associated with a non-significant 8% lower risk of CVD after controlling for LDL-C. Furthermore, whilst we were underpowered, there was a suggestion that greater reductions in Lp(a), such as 50%, might provide greater reductions in CVD risk when Lp(a) is high, since per 25% reduction in Lp(a) the HRs were 0.60 (p=0.0201) vs. 0.94 (p=0.3837) for patients with baseline Lp(a) ≥50 mg/dL versus those below (p-interaction = 0.0549; Fig. 4A ). This would suggest that any therapeutic approach to reducing Lp(a) should be targeted towards a population with very high baseline Lp(a) levels and should have a magnitude of absolute reduction that is considerably larger than that observed with PCSK9 inhibitors. Therapies such as antisense oligonucleotides against apo(a), which reduce Lp(a) by up to 92%, are perhaps more likely to offer the best meaningful approaches to reducing Lp(a) [34] .
The present findings should not detract from the wealth of observational data on Lp(a). Indeed, large-scale observational studies have indicated a non-linear association between Lp(a) levels and cardiovascular risk [2] . In particular, the risk appears more marked at levels > 50 mg/dL, with many consensus statements recommending screening for Lp(a) [1] . More recently, genetic studies that are free from potential confounding have demonstrated strong and likely causal associations with CVD [35, 36] . The final proof of causality is the test for reversibility in randomized controlled trials, and this has been lacking with respect to the evidence base for Lp(a). There was therefore considerable interest when it was observed that PCSK9 inhibition reduced Lp(a). However, it has not been possible to prospectively study the effect of reducing Lp(a) on cardiovascular events, as PCSK9 inhibitors do not specifically reduce Lp(a) without affecting LDL-C and other lipids. While we have attempted to account for these statistically, we cannot exclude the possibility that the Lp(a) reductions observed do not contribute to CVD reduction.
Limitations of the present study must be considered, including the relatively low median baseline level of Lp(a) as discussed above and modest achieved Lp(a) reductions, the limited follow-up time (24-104 weeks), the small number of MACE (n = 104), and the limited number of patients in subgroups stratified by baseline Lp(a) ≥50 vs. < 50 mg/ dL, which may have diminished the power to show a significant association between the different Lp(a) measurements and MACE. Furthermore, this analysis is post hoc, resulting from pooled data from several trials, and hypothesis-generating. We corrected LDL-C for the cholesterol content of Lp(a), which may be 30-45% of the mass of Lp(a) depending on the individual [18] . Although other studies used similar adjustments to assess Lp(a) cholesterol [19, 20] , there is an inherent variation because the molecular masses of different Lp(a) isoforms vary; a larger apo(a) isoform with an identical mass concentration as a smaller Lp(a) isoform represents a lower Lp(a) particle concentration and provides an overestimate of the amount of cholesterol in the particle [37, 38] . The ODYSSEY OUTCOMES trial in 18,924 patients with recent acute coronary syndrome has recently shown that alirocumab significantly reduces cardiovascular events compared with placebo, and may provide further information about the association of both Lp(a) and LDL-C-lowering with the risk of MACE [23] .
In summary, we observed that compared with placebo or ezetimibe, treatment with alirocumab significantly reduced Lp(a) levels and although the reduction from baseline in absolute terms was small, there was an associated 12% lower risk of MACE per each 25% decrease in Lp (a) levels when adjusted by baseline characteristics. However, this association was no longer significant when reduction in Lp(a)-corrected LDL-C was accounted for; the mean reduction in LDL-C was~52% in this population [7] . These results suggest that Lp(a) reduction with monoclonal antibodies to PCSK9 may add only modest additional cardiovascular benefit on top of LDL-C-lowering in a population with otherwise "normal" average baseline Lp(a) levels when the treatment produces only modest absolute reductions in Lp(a) but large reductions in LDL-C. Patients' baseline Lp(a) levels may provide insight into expected cardiovascular outcomes; those with higher baseline levels may derive significant benefit. Reducing the risk of MACE by targeting Lp(a) may require more potent therapies which reduce Lp(a) to a greater degree [39] and/or higher initial Lp(a) levels; both of these approaches are likely to offer greater absolute reductions in Lp(a), which is consistent with genetic studies [4] .
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